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Business Service Centres / International Trade Centres 


industry, Science and Technology Canada (ISTC) and External Affairs and International Trade Canada (EAITC) have established information centres 
in regional offices across the country to provide clients with a gateway into the complete range of ISTC and EAITC services, information products, 
programs and expertise in industry and trade matters. For additional information, contact one of the offices listed below: 


Newfoundland 


Atlantic Place 

Suite 504, 215 Water Street 
P.O. Box 8950 

ST. JOHN’S, Newfoundland 
A1B 3R9 

Tel.: (709) 772-ISTC 

Fax: (709) 772-5093 


Prince Edward Island 


Confederation Court Mall 
National Bank Tower 
Suite 400, 134 Kent Street 
P.O. Box 1115 
CHARLOTTETOWN 
Prince Edward Island 

C1A 7M8 

Tel.: (902) 566-7400 

Fax: (902) 566-7450 


Nova Scotia 


Central Guaranty Trust Tower 
5th Floor, 1801 Hollis Street 
P.Q. Box 940, Station M 
HALIFAX, Nova Scotia 

B3uJ 2V9 

Tel.: (902) 426-ISTC 

Fax: (902) 426-2624 
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New Brunswick 


Assumption Place 

12th Floor, 770 Main Street 
P.O. Box 1210 

MONCTON, New Brunswick 
E1C 8P9 

Tel.: (506) 857-ISTC 

Fax: (506) 851-2384 


Quebec 


Suite 3800 

800 Tour de la Place Victoria 
P.O. Box 247 

MONTREAL, Quebec 

H4Z 1E8 

Tel.: (514) 283-8185 
1-800-361-5367 

Fax: (514) 283-3302 


Ontario 


Dominion Public Building 
Ath Floor, 1 Front Street West 
TORONTO, Ontario 

M5J 1A4 

Tel.: (416) 973-ISTC 

Fax: (416) 973-8714 


Manitoba 


Newport Centre 

8th Floor, 330 Portage Avenue 
P.Q. Box 981 

WINNIPEG, Manitoba 

R3C 2V2 

Tel.: (204) 983-ISTC 

Fax: (204) 983-2187 


Publication Inquiries 
For individual copies of ISTC or EAITC publications, contact your nearest Business Service Centre 
or International Trade Centre. For more than one copy, please contact: 


For Industry Profiles: 


Communications Branch 
Industry, Science and Technology 
Canada 
Room 704D, 235 Queen Street 
OTTAWA, Ontario 

K1A OH5 

Tel.: (613) 954-4500 

Fax: (613) 954-4499 


For other ISTC publications: 


Communications Branch 
Industry, Science and Technology 
Canada 

Room 216E, 235 Queen Street 
OTTAWA, Ontario 

K1A OH5 

Tel.: (613) 954-5716 

Fax: (613) 952-9620 


Saskatchewan 


S.J. Cohen Building 

Suite 401, 119 - 4th Avenue South 
SASKATOON, Saskatchewan 

S7K 5X2 

Tel.: (306) 975-4400 

Fax: (306) 975-5334 


Alberta 


Canada Place 

Suite 540, 9700 Jasper Avenue 
EDMONTON, Alberta 

T5J 4C3 

Tel.: (403) 495-ISTC 

Fax: (403) 495-4507 


Suite 1100, 510 - 5th Street S.W. 
CALGARY, Alberta 

(2P 352 

Tel.: (403) 292-4575 

Fax: (403) 292-4578 


British Columbia 


Scotia Tower 

Suite 900, 650 West Georgia Street 
P.O. Box 11610 

VANCOUVER, British Columbia 
V6B 5H8 

Tel.: (604) 666-0266 

Fax: (604) 666-0277 


For EAITC publications: 


InfoExport 

Lester B. Pearson Building 
125 Sussex Drive 
OTTAWA, Ontario 

K1A 0G2 

Tel.: (613) 993-6435 
1-800-267-8376 

Fax: (613) 996-9709 


Yukon 


Suite 210, 300 Main Street 
WHITEHORSE, Yukon 

Y1A 2B5 

Tel.: (403) 667-3921 

Fax: (403) 668-5003 


Northwest Territories 


Precambrian Building 
10th Floor 

P.Q. Bag 6100 
YELLOWKNIFE 
Northwest Territories 
X1A 2R3 

Tel.: (403) 920-8568 
Fax: (403) 873-6228 


ISTC Headquarters © 


C.D. Howe Building 
1st Floor, East Tower 
235 Queen Street 
OTTAWA, Ontario 
K1A 0H5 

Tel.: (613) 952-ISTC 
Fax: (613) 957-7942 


EAITC Headquarters 


InfoExport 

Lester B. Pearson Building 
125 Sussex Drive 
OTTAWA, Ontario 

K1A 0G2 

Tel.: (613) 993-6435 
1-800-267-8376 

Fax: (613) 996-9709 
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FOREWORD 

Ina rapidly changing global trade environment, the international competitiveness of Canadian industry 
is the key to growth and prosperity. Promoting improved performance by Canadian firms in the global 
marketplace is a central element of the mandates of Industry, Science and Technology Canada and 
International Trade Canada. This Industry Profile is one of a series of papers in which Industry, 
Science and Technology Canada assesses, in a summary form, the current competitiveness of 
Canada’s industrial sectors, taking into account technological, human resource and other critical 
factors. Industry, Science and Technology Canada and International Trade Canada assess the most 
recent changes in access to markets, including the implications of the Canada-U.S. Free Trade 
Agreement. Industry participants were consulted in the preparation of the profiles. 

Ensuring that Canada remains prosperous over the next decade and into the next century is 
a Challenge that affects us all. These profiles are intended to be informative and to serve as a basis 
for discussion of industrial prospects, strategic directions and the need for new approaches. 
This 1990-1991 series represents an updating and revision of the series published in 1988-1989. 
The Government will continue to update the series on a regular basis. 


Michael H. Wilson 


Minister of Industry, Science and Technology 
and Minister for International Trade 


Introduction 

The Canadian information technologies (IT) industry 
sector consists of approximately 12 000 firms employing 
287 000 people. Services and products from these companies 
are worth more than $40.2 billion.1 They produce nearly all 
types of sensing, data processing and communications hard- 
ware and software. They also provide consulting and other 
services related to computer use. 

Companies in the IT sector use established and emerging 
technologies and generally operate on the leading edge of pro- 
duction techniques and product research and development (R&D). 

The IT sector is of major strategic significance to 
Canada. Not only is it a prominent industrial sector in its 
own right, but also it acts as an enabling technology that 
has broad applications across the full spectrum of Canadian 
business activity. To more fully appreciate the impact of the 


Their inclusion now is a recognition of their important role in this sector. 


IT sector on the Canadian economy, consult all six of the IT 
profiles in this series: 

© Computer Services and Software 

¢ Computers and Peripheral Equipment 

e Consumer Electronics 

e /nstrumentation 

e Microelectronics 

e Jelecommunications Equipment 


Background 

The microelectronics industry in general encompasses 
the design, development, production, packaging and marketing 
of microelectronics components such as integrated semicon- 
ductor circuits, popularly known as ICs or chips. The most 
common material used to manufacture semiconductors Is 


1Previously published Industry, Science and Technology Canada (ISTC) data do not include telecommunications carriers in the IT sector. 
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silicon, although gallium arsenide (GaAs) and germanium 
are used for special applications. 

A number of Canadian companies are engaged in the 
design and manufacture of a wide range of semiconductors. 
Some of these companies specialize in the design of integrat- 
ed circuits. The products designed and developed in Canada 
include silicon bipolar integrated circuits, metal oxide silicon 
(MOS) chips, application-specific integrated circuits (ASICs), 
gallium arsenide devices and other compound semiconductor 
devices such as optical emitters and detectors. 

The design of transistors and ICs for modern applica- 
tions is increasingly complex and has, of necessity, moved 
beyond the capability of traditional manual drafting processes. 
Computer assistance is now required in the form of computer- 
aided design (CAD) technologies. 


Structure and Performance 


Structure 

The microelectronics industry is the cornerstone of 
the IT sector and the core element underlying the competi- 
tiveness of a growing number of sectors of economic activity. 
Semiconductor devices are incorporated not only in traditional 
electronics equipment but also in ever-increasing numbers in 
a wide range of applications, from simple consumer products 
to sophisticated industrial systems. Advances in enabling 
technologies such as biotechnology, information technologies 
and space are critically dependent on advances in microelec- 
tronics. A well-developed microelectronics capability enhances 
an economy's traditional industrial strengths and drives 
development in emerging technologies. For all of these rea- 
sons, the microelectronics industry is of strategic importance 
to most national governments. 

The Canadian microelectronics industry, with an output 
estimated at over half a billion dollars, constitutes a very small 
portion of the global semiconductor industry, estimated to 
have been worth about US$63.6 billion in 1991.2 The devel- 
opment and growth of the Canadian industry was spurred by 
the growth of Canada’s communications industry three decades 
ago. A large portion of semiconductor production is destined 
for the in-house use of two vertically integrated telecommuni- 
cations equipment companies. Northern Telecom’s microelec- 
tronics operations supply the in-house needs of its parent and 
subsidiary companies. Mitel’s production is for both internal 
use and commercial markets. In addition to these telecommu- 
nications players, IBM Canada has a world-class facility for 


2Dataquest Incorporated, Dataquest Perspective: Semiconductors Worldwide Products, Markets, and Technologies, San Jose, California, 20 April 1992, page 9. 


the packaging of integrated circuit products, and Gennum 
Corporation operates the only bipolar silicon fabrication 
facility in Canada. Excluding these companies, the rest of the 
Canadian industry is composed of approximately 30 smaller 
companies specializing in niche products or design services. 

Approximately two-thirds of the value of Canada’s pro- 
duction of chips is manufactured for in-house consumption. 
Of the remaining third, approximately 70 percent is exported. 
Most of the $1.2 billion Canadian market is satisfied by imports. 

Canadian microelectronics companies are located pri- 
marily in Ontario, Quebec, Alberta and British Columbia. 
Overall, the industry employs approximately 6 000 people 
across Canada. 


Performance 

Statistics Canada data for this industry are not currently 
provided in a sufficiently detailed form to allow for a meaning- 
ful assessment of the sector's historical performance. Working 
closely with the approximately 30 companies in this industry, 
Industry, Science and Technology Canada has been able to 
compile enough data to provide a snapshot of the industry’s 
current performance. 

Microelectronics companies fall into two distinct cate- 
gories: in-house (or captive) producers, who manufacture 
devices for use in their own products; and merchant producers, 
who sell their products on the open market. 

Northern Telecom, IBM, Hewlett-Packard and AT&T are 
typical international systems manufacturers who develop and 
manufacture semiconductors for proprietary products. This 
relationship enables these companies to design devices to 
fit their particular needs, provide their products with unique 
competitive advantages and control costs. Their semiconduc- 
tors are not normally manufactured for sale to other companies 
as independent items. 

The open market is dominated by merchant producer 
companies that produce large quantities of undifferentiated 
or commodity-type chips that are used in a variety of products 
such as those produced by the consumer electronics and 
computer industries. Intel and Motorola of the United States 
as well as Fujitsu and NEC of Japan are examples of high- 
volume merchant producers. 

In addition to the large manufacturers of mass-produced 
semiconductors, many smaller companies in the industry pro- 
duce semiconductors for specialized niche markets. Although 
Canadian companies do not compete in the high-volume 
production of commodity-type semiconductors, Canadian 
companies do excel in a number of niche markets. 
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Most of the total global market for semiconductor devices 
is shared by Japanese companies, at approximately 50 percent, 
and U.S. companies, at approximately 40 percent. 

The largest single market for semiconductors is the con- 
sumer market. One leading component of this market is the 
dynamic random access memory (DRAM) chip. For several 
reasons, chiefly Japan’s leading technical and market position 
in the consumer electronics industry, Japan increased its 
market share to 70 percent of the merchant market during the 
1980s, in particular with products such as the DRAM chip. 

Another large application for semiconductors is in micro- 
processors, which are used in computer and telecommunica- 
tions applications. The United States leads in this market. 


Strengths and Weaknesses 


Structural Factors 

There are a number of constraints to growth inherent 
in the structure of the Canadian industry. First, the Canadian 
industry is mostly composed of small and medium-sized 
firms, which are at a competitive disadvantage because of 
the difficulties associated with financing rising R&D costs. 
Second, Japanese and U.S. companies have effective links 
to international industrial and academic research consortia, 
which provide access to technological knowledge and assist 
in the formation of strategic alliances. Few Canadian micro- 
electronics companies have been successful at forging links 
to these international consortia. Third, some of the most suc- 
cessful Canadian companies have developed because of their 
vertical integration with large Canadian telecommunications 
companies. This structure creates strength in wide markets, 
but overall the industry remains fragmented. 

Technological interdependence among firms in the 
microelectronics industry is a worldwide phenomenon of 
considerable and growing importance. Even large interna- 
tional companies faced with the high costs of developing 
new technologies are entering into joint R&D programs with 
their competitors. Agreements between major players such 
as Toshiba and Motorola, Hitachi and Texas Instruments, 
or IBM and Siemens to jointly develop memory devices are 
indicators of this trend. On another level, design houses 
are developing links to fabrication houses with expensive 
facilities equipment. 

Canadian companies are beginning to position them- 
selves to overcome the disadvantages they face because of 
their small size and their lack of corporate ties to major sys- 
tems producers. For example, a number of companies have 
joined together to create the Strategic Microelectronics 
Consortium (SMC), with the objective of sharing the costs 


and risks of developing new microelectronics technology, 
applications and markets. The consortium hopes to build on 
existing strengths, such as Canada’s excellent design houses. 
As well, the industry-led Solid State Optoelectronics Consortium 
of Canada (SSOC) was established in 1989 to help create a 
Canadian capability in optoelectronics research and to estab- 
lish the environment and infrastructure necessary to achieve 
economic leadership in that technology. 


Trade-Related Factors 

There are few tariff barriers to trade affecting this indus- 
try. Europe and Japan each levy a tariff of 4 percent on hybrid 
integrated circuits imported from countries having Most 
Favoured Nation (MFN) status if they are to be used in equip- 
ment other than computers. Microelectronics imported for 
use in computers are duty-free from any source. Canadian 
and U.S. MEN tariffs on microelectronics products are gener- 
ally free to 4 percent. The Canada-U.S. Free Trade Agreement 
(FTA) removed the remaining tariffs on trade in this sector 
between the two participants as of its implementation on 
1 January 1989. 

Governments around the world view the fast-growing 
microelectronics industry as a key to industrial development, 
and they nurture this industry by providing strategic assist- 
ance, including programs to establish co-operative consortia 
to support product and market development. Companies and 
governments will remain highly sensitive to import penetra- 
tion, particularly if trade imbalances occur. However, as busi- 
nesses become more international, the demand for compatible 
and high-quality technology will increase and the pressures 
to remove artificial barriers to trade will continue. 


Technological Factors 

The Canadian microelectronics industry requires access 
to leading-edge technologies. The devices it designs, develops 
and produces have components requiring dimensional accu- 
racy in the submicron range. The semiconductor industry 
requires resources skilled in a broad range of fields, including 
physics, chemistry, electrical engineering and material sciences. 
Advances in chip design are characterized by sophisticated 
manufacturing processes, supported by computer-aided 
design and clean-air laboratories. The human resources and 
facilities needed to compete are expensive. 

Current R&D in Canada includes the use of gallium 
arsenide. In chip evolution, it appears that silicon will remain 
the dominant semiconductor material, although gallium 
arsenide will gain market share where speed, integrated elec- 
tronics and optical functions are critical. Gallium arsenide 
chips use less power and have faster speed than silicon, 
but they are more expensive and more difficult to make. 
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Another factor of significance to the Canadian industry 
is the trend toward more advanced packaging techniques. 
Advanced packaging techniques, such as the Multichip Module 
Technology, are becoming all the more critical as the com- 
plexity of ICs increases. The standard techniques used by 
the industry in the past no longer suffice for applications 
where high performance and/or high density is crucial. 

Most Canadian microelectronics companies have proto- 
type assembly facilities to assemble their proprietary products. 
Only a few small optoelectronics companies assemble a large 
portion of their products in-house in custom-designed pack- 
ages. In the area of the packaging of optoelectronics and very 
high frequency electronics devices, the main skill base is 
Northern Telecom. 

Companies need to have extensive test capabilities 
using sophisticated and stringent techniques to ensure 
they can bring a high-quality product to the marketplace. 
Quality standards improve each year, and zero tolerance 
for defects in shipped products is becoming a standard for 
some suppliers. 

Technological development of the industry is supported 
in Canada by the SMC and a number of regional microelec- 
tronics centres: the Applied Microelectronics Institute in 
Halifax, Nova Scotia, CADMI Microelectronics in Fredericton 
and Moncton, New Brunswick, La Société de Microélectronique 
Industrielle de Sherbrooke (SMIS) in Quebec, and the Alberta 
Microelectronic Centre in Edmonton, Alberta. The Canadian 
Microelectronics Corporation, based at Queen’s University 
in Kingston, Ontario, is a co-operative effort between the uni- 
versity research community and the industry. In addition to 
these research organizations, the Canadian Semiconductor 
Design Association (CSDA) and the SSOC are industry-led 
organizations that foster co-operative research among 
member companies. 

Rapidly increasing R&D and capital development costs, 
coupled with a dramatic increase in competition, continue to 
put pressures on North American designers and producers. 

A number of major government-funded R&D programs and 
organizations have been formed to attempt to counteract the 
Japanese dominance in the market for commodity-type mem- 
ory chips. The European Community (EC) has the JESS! 
(Joint European Submicron Silicon Initiative) program and 
ESPRIT (European Strategic Programme for Research and 
Development in Information Technologies). In the United 
States, there is SEMATECH (Semiconductor Manufacturing 
Technology), MCC (Microelectronics and Computer Technology 
Corporation), SRC (Semiconductor Research Corporation) 
and SIA (Semiconductor Industry Association). Other efforts 
include the establishment of research centres and trade- 
related measures, including the U.S.-Japan Semiconductor 
Arrangement concerning trade in semiconductors, to assist 


foreign sales into Japan and prevent any dumping of specific 
semiconductor devices exported by Japan. 


Evolving Environment 


Application-specific integrated circuits are ICs that are 
tailor-made to customer specifications and range from full 
custom to semi-custom devices. The ASIC market made up 
17 percent of the global semiconductor market in the late 1980s. 
This share is expected to have risen to 25 percent by the early 
1990s. ASICs can provide major cost and performance advan- 
tages over the off-the-shelf commodity-type products. Design 
capability, software generation and testing capabilities become 
crucial competitive factors. Companies with strength in these 
areas should be able to build on this strength to continue to 
design innovative products in areas such as custom and semi- 
custom microprocessors, non-volatile memories, peripheral 
chips and telecommunications signal processors. Even small 
design houses without in-house fabrication capability can 
enter this market successfully. Specialist skills, the ability to 
link chip and systems design, state-of-the-art software tools, 
control over intellectual property as well as access and links 
to one or more fabrication houses allow successful companies 
to exploit this market segment. 

Large companies with huge facilities geared to mass 
production of a single product generally find it costly to reset 
the production line to make a few thousand chips. ASICs are 
more suited to smaller fabrication houses geared to a more 
flexible manufacturing process. ASICs are one area where 
smaller and newer semiconductor companies, a profile that 
fits a number of Canadian companies, can excel. 

The current development of the industry has been toward 
a greater degree of specialization, increased levels of collabo- 
ration, international co-operation and integration among larger 
firms. As ICs increase in complexity, the lines between compo- 
nents, subsystems and systems become blurred. Microelectronics 
can no longer be considered as merely a components indus- 
try. The application of microelectronics is increasingly inte- 
grating the delivery of system design, circuit design and 
market product. 

The factors driving global microelectronics include the 
rapid technological progress, the costs of product develop- 
ment and the growth in the demand for specialized products. 
In addition, the industry is characterized by the formation of 
large competitive trading blocs in Europe, North America 
and the Far East as well as the proliferation of cross-border 
alliances, mergers and acquisitions. 

In Canada, the telecommunications and defence sec- 
tors have traditionally been the main driving forces behind 
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microelectronics development. The industry is also driven by 
computer, consumer electronics and industrial applications. 

In general, the trend is toward technology networks, 
partnerships between companies and research organizations 
linked through partnership agreements, joint ventures and 
consortia. More specifically, technological interdependence, 
links to “systems” suppliers and the growth of the ASIC mar- 
ket are the main trends in the microelectronics industry. As 
well, opportunities may exist for Canadian industry outside 
the telecommunications market and within other traditional 
and emerging sectors of the economy. 


Competitiveness Assessment : 


Canada’s microelectronics industry faces challenges 
from larger, industrialized countries such as the United States 
and Japan, which are investing vast sums of money in the 
development of microelectronics technology. These countries 
have large semiconductor companies with state-of-the-art, 
high-volume production facilities. As well, newly industrialized 
countries such as the Republic of Korea are also contributing 
to the global competition. 

The fastest-growing segment of the industry is the pro- 
duction of specialized products. Although its companies are 
relatively small, the Canadian industry has an advantage in 
this market, which relies on strong capabilities in design and 
which does not require the development of large and expen- 
sive fabrication facilities. Several Canadian companies pos- 
sess State-of-the-art technology in specific niche markets. 

The Canadian industry is not equipped to compete with 
the United States and Japan in the high-volume production of 
chips. However, its strength in design, combined with contin- 
ued growth in certain niche markets, could provide it with 
relative strength in global microelectronics markets. 


For further information concerning the subject matter 
contained in this profile, contact 


Information Technologies Industry Branch 
Industry, Science and Technology Canada 
Attention: Microelectronics 

235 Queen Street 

OTTAWA, Ontario 

K1A OH5 

Tel.: (613) 952-8417 

Fax: (613) 952-8419 
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INDUSTRY ASSOCIATIONS 


Canadian Semiconductor Design Association (CSDA) 
Suite 400, 340 March Road 

KANATA, Ontario 

K2K 2E4 

Tel.: (613) 592-1470 

Fax: (613) 592-8163 


Solid State Optoelectronics Consortium of Canada (SSOC) 
Suite 400, 340 March Road 

KANATA, Ontario 

K2K 2E4 

Tel.: (613) 993-1506 

Fax: (613) 957-8734 


Strategic Microelectronics Consortium (SMC) 
Suite 500, 300 March Road 

KANATA, Ontario 

K2K 2E2 

Tel.: (613) 592-8155 

Fax: (613) 592-2093 
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